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© Resin encapsulated semiconductor device and method of manufacture thereof. 



© A resin encapsulated semiconductor device hav- 
ing at least one semiconductor element (3) which 
has at least one electrical connection to a lead frame 
by means of a wire (1) which has been solid-state 
bonded at one end to said semiconductor element 
,—and at the other end to the lead frame, said element 
©and wire being encapsulated hermetically with a 
qq resin (12). The wire (1) is made of Cu and is in the 
^annealed state having a maximum elongation at 
CO room temperature of not more than 60% throughout 
Qits length between said bonded ends. Such a wire 
has low susceptibility to constriction or other local 
deformation. 
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RESIN ENCAPSULATED SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF 



The present invention relates to a resin encap- 
sulated semiconductor device and to a method of 
manufacture of such a device. 

In resin encapsulated semiconductor devices 
(such as an IC. LSI or transistor), Au wire of diam- 
eter of 20 - 50 urn is generally employed for the 
electrical connection between the semiconductor 
element and the external lead frame of the pack- 
age. To bond the wire to the semiconductor ele- 
ment, there are two methods, wedge bonding and 
ball bonding. In these solid state bonding methods, 
one end of the Au wire, or a ball formed at the end 
of the Au wire through fusion thereof by means of a 
discharge or hydrogen flame, is bonded to the 
semiconductor element directly or through a de- 
posited metallic film by thermocompression bond- 
ing or ultrasonic bonding. The connection at the 
other end of the wire to the lead frame is effected 
by wedge bonding using a capillary tube. 

The use of Al wire instead of Au wire has been 
studied, since Au wire is expensive. For Al wire, 
wedge bonding by means of thermo-compression 
bonding or ultrasonic bonding has also been inves- 
tigated. However, conventional Al wire, when used 
as it has been drawn, retains a hardness caused by 
the drawing. The present inventors have found that 
in both thermo-compression bonding and ultrasonic 
bonding of Al wire, the part of the wire near the 
bonded portion is softened by heating, so that a 
local deformation takes place at the bonding por- 
tions in the connection of the wire from the semi- 
conductor element to the lead frame, and that such 
a local deformation not only causes the wire to be 
locally reduced but also may result in breakage or 
the like. 

Moreover, the present inventors have discov- 
ered, as a result of examination of ball bonding of 
Al wire, that since conventional Al wire is wound on 
a reel as it has been drawn, the wire is elastically 
bent when a ball is formed at its end and the ball is 
eccentrically formed. Furthermore, since when the 
ball is formed not only the end but also the vicinity 
of the end is heated, the portion of the wire directly 
above the ball is partially subjected to annealing 
and, consequently becomes softened or locally 
constricted. 

The inventors have also found that the ec- 
centricity of the ball may cause the bonding portion 
to project from a pad, bringing about a short-circuit 
with another bonding portion or damage to the 
circuit. 

Furthermore, the inventors have discovered 
that if a constriction is produced directly above the 
ball or if the wire softens, since the portion not 
annealed remains work-hardened, the residual work 



set of the wire prevents the wire and the bonding 
portion from occupying a fine curve, so that the 
wire is bonded in a bent shape, which may cause 
breakage of the wire, particularly in a dual in-line 

s type IC or LSI having a difference in level between 
the bonding surfaces of the semiconductor element 
and the lead frame. This may cause a short-circuit 
between the wire and the semiconductor element. 
In resin encapsulated semiconductor devices a 

io larger mechanical stress is applied to the wire 
because it is rigidly molded with thermosetting 
resins such as epoxy resins, phenol resins, polyes- 
ter resins, etc. The mechanical stress is maximum 
at the bonding position on the semiconductor chip. 

;s Thus, it has now been found that in resin encap- 
sulated semiconductor devices the nature of the 
wire materials play a very important role in the 
production of a satisfactory ball bonding connec- 
tion. 

20 It is an object of the invention to provide a 
resin encapsulated semiconductor device contain- 
ing an electrical connection with a wire which per- 
mits good connections to be formed and with 
which there is a low risk of breakage of the wire. 

25 The present invention is set out in claims 1 and 
6. In the invention, an annealed Cu wire is used to 
connect the semiconductor element to the lead 
frame. 

Devices of the prior art and embodiments of 
30 the present invention will now be described by way 
of example with reference to the accompanying 
drawings, in which: 

Fig. 1 is a sectional view of a semiconductor 
device with a wire having a wedge-bonded connec- 
35 tion at both ends; 

Fig. 2 is a sectional view of a semiconductor 
device with a wire having a ball-bonded connection 
at one end and a wedge-bonded connection at the 
other end; 

40 Fig. 3(a) is a sectional view indicating a 

further step following Fig. 2 in wedge-bonding; 

Fig. 3(b) is a sectional view showing how a 
ball is formed by discharge; 

Fig. 4 is a sectional view of a resin molded 
45 type semiconductor device embodying the present 
invention; and 

Fig. 5 is a bar graph showing the relationship 
between conventional wires and wires used in the 
present invention, on the one hand, and the per- 
50 centage of production of eccentricity and the per- 
centage of production of ecccentricity and constric- 
tion, on the other hand. 

Since a wire made of a metal having in the 
annealed state an elongation at room temperature 
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of not more than 60% is very highly work-hardened 
in the worked state (i.e. after the wire has been 
worked), it is difficult to destroy the oxide film 
formed on the surface of the ball in thermo-com- 
pression bonding or ultrasonic bonding, so that 
bonding is difficult. Moreover, since the vicinity of 
the bonding portion is softened by heating during 
bonding as described above, the local deformation 
is especially large. It has now been discovered that 
it is necessary to anneal the wire made of a metal 
having such an elongation so that it becomes 
softer. Annealing permits the wire to be softened 
throughout, so that there is no possibility of local 
deformation, and consequently, problems such as 
disconnection are solved. 

It is preferable to employ a wire having a 
specific resistance at room temperature (20 *C) of 
not more than 15 uQcm. 

The bonding process may for example be ei- 
ther a ball bonding or wedge bonding procedure 
and can be effected by ultrasonic bonding or 
thermo-compression bonding. Ball bonding is pref- 
erable and generally more effective in the case of a 
semiconductor element which is a circuit element, 
because bonding distance is limited and the neces- 
sity to turn the semiconductor device is avoided. 
On the other hand, in the case of the external 
terminal at the lead frame, wedge bonding is pref- 
erable and can achieve high efficiency. 

Figs. 1, 2 and 3(a) illustrate wedge-bonding. A 
wire 1 emerges from a capillary feeder 2, the 
bottom end of which is used to effect the wedge- 
bonding, as Figs. 1 and 2 show. After the bonding 
step, the capillary 2 is removed to break the wire, 
leaving a bonded portion 6 attached to the Cu lead 
frame 4. The lead frame may alternatively be a Fe- 
Ni alloy. Fig. 1 shows the other end of the wire 1 
wedge-bonded to a metal layer on the top of the 
semiconductor element 3, which is itself mounted 
on another part of the lead frame 4. 

Fig. 2 shows a ball-bonded connection of the 
wire 1 at the top surface of the semiconductor 
element 3. Fig. 3(b) shows how, in ball-bonding the 
ball 7 is formed using the surface tension of the 
wire itself by fusing the end of the wire held by a 
capillary 2 by means of discharge, hydrogen flame, 
plasma arc, a laser beam or the like. Particularly 
preferred, as illustrated in Fig. 3(b) is arc discharge 
between the wire itself and a separate electrode 5. 
The arc discharge is performed with the wire at 
minus polarity, whereby a clean ball having no 
oxide film on its surface is formed. In addition, it is 
possible to supply a pulse current of at least one of 
positive and negative in the arc discharge. The 
pulse current permits control of the correct arc- 
generating time necessary for formation of a ball. 
When supplying a current of positive and negative, 
control can be effected by converting the time 



required for cleaning and the time required for 
formation of a ball into a time ratio between posi- 
tive and negative. The time required for cleaning 
accounts for just a small percentage of the dis- 
s charge time (10 - 30% of the discharge time). 

It is preferable that the heating-fusing atmo- 
sphere in the ball formation is a non-oxidising at- 
mosphere. Particularly preferred is an inert gas 
including a small amount, preferably 5-15 vol.% 
ro of a reducing gas (e.g. hydrogen gas). 

Fig. 3(b) shows how the ball 7 may be eccen- 
trically formed. 

Although any ball diameter is in principle use- 
ful, preferred are diameters 1 .5 - 4 times, partjcu- 
15 larly 2.5 - 3.5 times, as large as the wire diameter. 

A preferred wire diameter range in the inven- 
tion is 20 - 100 urn, although this varies according 
to the kind of metal. For example, the Cu wire 
diameter may be about 30 urn. The wire diameter 
20 is selected in relation to the specific resistance. 

The preferred annealing temperature is higher 
than the recrystaJlizing temperature of the metal, 
although it differs according to the kind of metal. It 
is particularly preferred to employ a temperature at 
2S which the wire is substantially full-annealed to an 
extent such that it is not elastically deformed, i.e. 
contains substantially no elastic deformation. It is 
preferable that the wire is softened so as to have 
the same hardness throughout, since if the wire 
30 locally has a difference in hardness, a local de- 
formation is produced, as described above. The 
preferred annealing temperatures are 400 - 600* C 
for Cu. 

Although it is possible to anneal a wire which is 
35 bonded to a circuit element in its worked state, it is 
far more efficient to bond a wire previously an- 
nealed. 

The wire, after being bonded to a circuit ele- 
ment, may be cut in the vicinity of the bonded 

4a portion of the circuit element by holding the wire in 
a capillary and pulling it (Fig. 3(a)). It may be 
difficult to cut the wire in the vicinity of the circuit 
element, since the wire itself is soft throughout, in 
which case it is preferable to cut the wire with a 

45 cutter. 

Since the wire usually has an extremely small 
diameter and is soft as described above, in order 
to protect it, the semiconductor element, the wire 
and a part of the lead frame are covered with resin. 

so Typically, liquid resin is case or molded and 

then hardened. 

Fig. 4 is a sectional view of a resin-encap- 
sulated type semiconductor device according to 
which the present invention may be applied. The 

55 wire 1 is ball-bonded to the semiconductor element 
3 which is provided with an Al deposited film 8, 
and is wedge-bonded to the lead frame 4 which is 
provided with an Ag or Ni deposited layer 1 0. After 
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the ball bonding, a protective film 13 such as SiCfe 
or the like is provided on the layer 8. Then, a 
thermosetting resin composition 12 is transfer-mol- 
ded to form the semiconductor device shown in 
Fig. 4. A low-melting glass 9 may be used to 
mount the semiconductor element 3. 

Since in the present invention local deformation 
of the wire In ball bonding can be avoided and 
consequently a desired loop shape can be ob- 
tained, there is minimal possibility of disconnection 
due to local deformation and moreover, there is no 
risk of defect such as the short-circuit of the wire 
with the element 

The production of balls at Cu and, for compari- 
son Al, wire ends for subsequent bonding will now 
be described. 

A ball was formed by the method of Fig. 3(b) at 
the end of each of a Cu wire having a diameter of 
30 um and remaining as it has been worked and a 
wire obtained by subjecting such a wire to a full 
annealing of 1-hour heating at 400* C in Ar gas. 

The discharge was effected under a voltage of 
1000V, a current of 10 - 2- m A and in Ar gas. The 
discharge time was controlled by the speed of 
movement of the W electrode 5 and the pulse 
frequency, as described above. 

In a similar manner to the above, a ball was 
formed at the end of each of an Al wire having a 
diameter of 50 um and remaining as it has been 
worked and a wire obtained by subjecting such an 
Al wire to a full annealing of 1-hour heating at 
250 "C. The discharge conditions were substan- 
tially the same as for the Cu wires, except that the 
discharge current was 1 to 10 mA. 

For each of these types of Cu and Al wires, 50 
balls were formed, and the number of the balls 
having constrictions and eccentricity was examined 
and then the percentage thereof was obtained. The 
results are shown in Fig. 5. 

Fig. 5 shows that the Al wire remaining as it 
has been worked exhibits a constriction level of 
60% and eccentricity level of 50%, while the an- 
nealed Al wire exhibits a constriction level of only 
7% and eccentricity level of the order of a few %. 
It forms a round ball symmetrical with respect to 
the wire axis. The Cu wire is better than the Al wire 
even when the Cu wire remains as it has been 
worked, the annealed Cu wire produced hardly any 
constriction and eccentricity. 

Thus, by the present invention, it is possible to 
obtain a wire connection having no local deforma- 
tion at the bonding portion of the wire. 



Claims 

1. A resin encapsulated semiconductor device 
having at least one semiconductor element (3) 

5 which has at least one electrical connection to a 
lead frame by means of a wire (1) which has been 
solid-state bonded at one end to said semiconduc- 
tor element and at the other end to the lead frame, 
said element and wire being encapsulated hermeti- 

to cally with a resin (12) characterized in that said 
wire (1) is made of Cu and is in the annealed state 
having a maximum elongation at room temperature 
of not more than 60% throughout its length be- 
tween said bonded ends. 

75 2. A device as defined in claim 1 , wherein said 

wire (1) is connected at one end to said semicon- 
ductor element by ball-bonding and at the other 
end to an external terminal (4) by wedge-bonding. 

3. A device as defined in claim 2 wherein at 
20 said one end the wire (1) is ball-bonded to an Al 

thin film formed on said semiconductor element 
while at said other end of said wire is wedge- 
bonded to an Ag, Ni or Al thin film formed on the 
surface of said lead frame which is made of a Cu 
25 or Fe-Ni alloy, and said semiconductor element, 
said wire and a part of said lead frame are en- 
closed within said molded resin. 

4. A device as defined in any one of claims 1 
to 3, wherein said wire has a diameter in the range 

30 of 20 to 100 um. 

5. A device as defined in any one of claims 1 
to 4 wherein said wire has a specific resistance at 
room temperature (20 *C) of not more than 15 
UQcm. 

35 6. A method of manufacture of a resin encap- 

sulated semiconductor device according to claim 
wherein one end of a metal wire (1) is solid-state 
bonded to a semiconductor element (3) and the 
other end of said metal wire (1) is solid-state bon- 

40 ded to a lead frame (4) and thereafter said semi- 
conductor element (3), said metal wire (1) and at 
least part of said lead frame (4) are encapsulated 
by a resin (12), characterized in that said metal 
wire (1) is made of Cu and is annealed, before 

45 bonding to said semiconductor element (3) and 
said lead frame (4), at a temperature higher than 
the recrystallization temperature of the metal ma- 
terial, and in that said metal wire (1) exhibits in an 
annealed state a maximum elongation of not more 

so than 60% at room temperature. 

7. A method as defined in claim 6, wherein 
said wire (1) is connected at one end to said 
semiconductor element by ball-bonding and at the 
other end of said wire is connected to said lead 

55 frame (4) by wedge-bonding. 
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8. A method as defined in claim 7 wherein the 
ball used in the ball-bonding is formed by fusion by 
means of arc discharge in a non-oxidizing atmo- 
sphere including a reducing component 

9. A method as defined in claim 7 or claim 8 s 
wherein the bonding surfaces of said semiconduc- 
tor element and said lead frame are not coplanar, 

and the ball-bonding and the wedge-bonding are 
each effected by ultrasonic bonding or thermal 
contact bonding. 10 

10. A method as defined in any one of claim s6 
to 9 wherein prior to the bonding the wire (1) is 
fully annealed so that it exhibits substantially not 
elastic deformation. 
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© Resin encapsulated semiconductor device and 



© A resin encapsulated semiconductor device hav- 
ing at least one semiconductor element (3) which 
has at least one electrical connection to a lead frame 
(*>by means of a wire (1) which has been solid-state 
^bonded at one end to said semiconductor element 
^and at the other end to the lead frame, said element 
,«and wire being encapsulated hermetically with a 
O resin (12). The wire (1) is made of Cu and is in the 
00 annealed state having a maximum elongation at 
^room temperature of not more than 60% throughout 
CO its length between said bonded ends. Such a wire 
phas low susceptibility to constriction or other local 
^ deformation. 
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